In the theory of the temperature coefficient of photochemical reaction developed by Tolman' the probability that a molecule will react, once it has acquired by absorption the energy necessary for reaction, is taken to be not markedly dependent on the temperature. In the case of unimolecular reactions it is important to notice that one then has simply the theory of the temperature coefficient of light absorption. Kistiakowsky2 has discussed this in his recent book. It is especially important to remember that this remaining temperature coefficient of light absorption catl appear experimentally to its full extent only in those cases of small fractional reduction of the intensity of the incident beam. The temperature coefficient of light absorption for molecules is a quantity regarding which the theory and the data of band spectra should be able to give complete information. It will be noted that in Tolman's theory extended VoL. 16, 1930) 27
spacing 23.62 ; those at 1 and 2, and at 3 and 4 have dyad screw axes parallel to the edge with spacing 6.50.
Diphenic Acid.-The analysis of this compound is not complete. The results obtained show that the crystal is orthorhombic with the dimensions a = 14.12, b = 11.90, c = 13.75, and that there are eight molecules in the unit cell. This indicates an arrangement quite different from the other compounds studied as the unit cell is approximately half as long in one dimension and twice as wide in the other two. It is possible that this is caused by the attraction and consequent doubling of COOH groups such as is found in the case of aliphatic compounds.
Other compounds now being investigated are: difluoro-diphenic acid, hexachloro-diphenyl, octamethyl diphenyl, diphenyl benzene. Thanks are due Professor Roger Adams for suggesting this research and for providing the necessary materials.
1 J. Am. Chem. Soc., 51, 2796 (1929 19, 1929 In the theory of the temperature coefficient of photochemical reaction developed by Tolman' the probability that a molecule will react, once it has acquired by absorption the energy necessary for reaction, is taken to be not markedly dependent on the temperature. In the case of unimolecular reactions it is important to notice that one then has simply the theory of the temperature coefficient of light absorption. Kistiakowsky2 has discussed this in his recent book. It is especially important to remember that this remaining temperature coefficient of light absorption catl appear experimentally to its full extent only in those cases of small fractional reduction of the intensity of the incident beam. The temperature coefficient of light absorption for molecules is a quantity regarding which the theory and the data of band spectra should be able to give complete information. It will be noted that in Tolman's theory extended VoL. 16, 1930) to bimolecular reactions a new possible source of temperature coefficient enters in the thermal activation of the second reactant, but that the probability of reaction, once the necessary energy has been acquired and collision occurs, is still left as being probably not markedly dependent on the temperature. Where there is no necessity of activating the second reactant the theory again becomes essentially the theory of the temperature coefficient of light absorption.
It is the purpose of this paper to calculate the variation of photochemical temperature coefficient with wave-length under these simplified conditions using a reaction which, over certain regions, seems to be illustrative.
The From the weakness of chlorine's absorption in the visible, it is very probable that for the first three cases the fractional reduction of intensity of the incident beam was small; surely so in the first two cases.
The band spectrum of chlorine in the visible and near ultra-violet is well known from the work of Kuhn5 and others. Absorption from at least the first five vibrational levels of the normal molecule is observable.
One can say from which particular vibrational levels the absorption of chlorine in the above regions at ordinary temperatures originates, and the energy of these levels is known. This is sufficient to determine the temperature coefficient of such absorption. Indeed it is partly by a process the reverse of this that the allocation of absorption to the various vibrational levels is accomplished. And so from the positions of the four Vo.r6,0CHEMISTRY: 0. R. WULF spectral regions investigated by Padc'a and Butironi, we should be able to say what levels in chlorine are responsible for the photochemically active absorption, and to determine from the band spectra data whether indeed this absorption has a temperature coefficient corresponding to that found by these investigators.
In table 2 the energies of vibration in calories for the first six vibrational levels of the normal chlorine molecule are given, along with the beginning of the continuous spectrum at the limit of the band progression built upon each of these levels, that is, the point at and beyond which, toward shorter wave-lengths, the molecule absorbing in this level dissociates in the elementary act of light absorption. In the fourth column is given approximately the fractions of the molecules that exist in these levels at 298°K., and in the last column the temperature coefficient of light absorption by each level. The energy of the lowest vibrational state has been taken as one-half unit, as is indicated by the new mechanics. The temperature coefficient of the concentration of molecules in the respective levels computed using the Boltzmann distribution is, however, the same as for the levels according to the old mechanics. The calculations have been carried so that the values given for the temperature coefficient are correct within about :1:1 in the last figure. While we shall be anxious to know the extent to which the observations agree with the theory for all four regions, perhaps the greatest interest centers around the longest wave-lengths used, since here the temperature coefficient is the greatest and the chlorine molecule is receiving the smallest energy. Here, if ever, additional thermal activation, for instance of the hydrogen molecu'le, would be necessary.
From a comparison of the tables it is evident that the only levels leading to dissociation in the region of green wave-lengths, given by Padoa and Butironi as transmitted by their filter, are the levels n" = 5 and higher. Absorption from level n" = 6 will be much weaker than from n" = 5 in this region, not only because of the decrease in the Boltzmann quota in the higher levels, but also because of the shift to the red of the maximum of absorption for the higher levels in accordance with the Franck-Condon diagram for a molecule which on electronic excitation undergoes a great weakening in binding. This is especially well illustrated in chlorine. The temperature coefficient, 1.55, for the absorption by level n" = 5 agrees surprisingly well with that found for the photochemical reaction, 1.50, by Padoa and Butironi. It is probable that there is some tolerance in the wave-length limits transmitted by the filters since the cut-offs are never quite sharp. The chief absorption in the filtered region is in the n" = 4 level, but in the discrete states, not in the continuous. The computed temperature coefficient is probably in better agreement with the photochemical observations than could reasonably be expected.6
For the region 4900-4700 A (greenish-blue), referring again to the tables, the levels n" = 2 -and n" = 1 are chiefly responsible for the active absorption with smaller contributions from the higher levels, all of whose continuous spectra overlie the wave-length region, but for which the absorption is small for the two reasons given above. Here again the maximum absorption lies in the discrete levels of n" = 1, but is inactive if dissociation is necessary. It seems, therefore, that the temperature coefficient of the absorption might approach 1.2. The observed 1.31 seems higher than could probably be accounted for by absorption due. to the higher levels, yet this is in the right direction. Furthermore, no active absorption can occur in this region from n" = 0, in other words, all the active absorption lies in levels possessing some temperature coefficient. Probably it is fair to conclude, allowing for the possible error of measurement, that the agreement is not bad, and that certainly a good portion of the increase of the photochemical action with temperature is accounted for by the increase in absorption.
For the "violet" region (4600-4400 A), better called blue, the active absorption could come from all levels. However, from Kuhn's observations it is known that the intensity of absorption from n" = 0 is small in this region. None of the bands due to n" = 0 appear in chlorine absorption and the maximum for this level lies far to short wave-lengths in the vicinity of 3400 A. Thus here also the absorption is largely in levels possessing a temperature coefficient. It would seem that n" = 1 would be much the most active. Here, then, the observed value of 1.21 seems somewhat high. It is not easy to estimate the contributions by the higher levels which would tend to raise the temperature coefficient. The change of the temperature coefficient with wave-length is of the right sign and of about the right amount. However, in this region the temperature coefficient is probably due in part to the chain character of the reaction. To a lesser extent this may of course be true of the preceding regions also.
Passing now to the ultra-violet, where apparently in Padoa and Butironi's work the group of lines in mercury at 3660 A were the chief source, we are in a region in which the absorption is probably nearly complete and therefore where no appreciable temperature coefficient of absorption would appear. If it were not complete, some temperature coefficient might still be expected, although the greater part of the absorption is in the lowest level, due to the overlapping of the continuous spectra of the higher n" levels with that of the lowest. This is illustrated by the absorption measurements in bromine by Ribaud.7 However, in the hydrogen-chlorine reaction we are now in a region where much energy is absorbed per unit volume, where much reaction occurs per unit volume, and where much energy is liberated per unit volume, due to the absorption and the exothermic character of the reaction. In this region the temperature coefficient will undoubtedly be almost wholly that of the chain mechanism. The same conclusions would hold for white light where the greater part of the absorbed light lies in this general region and is likewise taken up by the lowest vibrational level of chlorine. It is a region of wave-lengths in which the temperature coefficient of absorption is small or negligible and where the appearance of temperature coefficient in the photochemical change is not surprising because of its chain character. Thus the photochemical combination of hydrogen and chlorine over the longer of the wave-lengths to which it is sensitive appears to illustrate Tolman's theory in its simplest form, the influence of temperature being in an important part its effect on the absorption of light by the photochemically active constituent.
For cases of small fractional absorption, elementary band spectra theory gives considerable information regarding the relation of wave-length to photochemical temperature coefficient. Most of the simple gas molecules that enter into known photochemical reactions are of the type in which the molecular binding is greatly weakened (large increase in the moment of inertia) in the electronic excitation. From the Franck-Condon diagram for such molecules, now generally familiar, it is evident that the absorption of the longer wave-lengths originates from the higher vibrational states of the normal molecule, though in some cases it may take fairly high temperatures to bring much of this out. The behavior of the halogens and the Schumann system of oxygen is illustrative. This, with its effect on the photochemical temperature coefficient, has been illustrated above in chlorine where in passing from the ultra-violet to the green-yellow, the principal absorption passes from the zeroth to the fifth vibrational state.8
Absorption from states higher than the lowest possesses in such molecules two maxima of intensity. With regard to the absorption toward short wave-lengths due to the higher states the measurements of Ribaud7 in bromine show that in this case, and hence probably for all similar cases, the maxima of the continuous spectra due to the higher states overlap very closely the maximum due to the lowest, being only slightly displaced consecutively to the violet. This would indeed be anticipated. To PHYSICS: NICHOLS AND WICK shorter wave-lengths of the point where a temperature increase had very little effect (actually a small decrease in absorption, as would be expected) Ribaud found that the absorption began again to increase with temperature. This evidently is the continuous absorption due to the higher vibrational states. For photochemical reactions the important consequence is that in such molecules one must expect the portion of the temperature coefficient due to light absorption to decrease with decreasing wave-length from the first appreciable absorption, but to pass through a minimum slightly less than unity, and then again to increase sharply to the disappearance of absorption. (1929) . 6 For reactions in which the rate is proportional to other than the first power of the absorbed active light, e.g., the one half power, the treatment would be modified in an evident manner. 7Ribaud, Annales de physique, 12, 107 (1919) . 8 The above also shows that even in the cases where a well-defined initial act, such as dissociation, is necessary, we may not expect to find a sharp photochemical threshold.
(Compare reference (2), page 249.) And for other than monochromatic radiation the restriction mentioned at the outset must evidently be that a photochemical temperature coefficient due to the influence of temperature on light absorption can appear to its full extent only in cases where there is small fractional reduction in the intensity of the active radiation.
OZONE IN LUMINESCENCE
By E. L. NICHOLS AND FRANCzS G. WICK
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Read before the Academy, Tuesday, November 19, 1929 That x-rays render various substances strongly thermo-luminescent has already been shown.' The following experiments have been made to determine the subsequent effect of ozone upon such materials.
Procedure.-A morsel of the substance to be tested was placed in a glass tube and a slow current of oxygen which had been rendered active (i.e., partly converted into 03 by passage through an ozonizing tube) was driven over the sample for several minutes. The arrangement of the apparatus is given in figure 1 . B, the ozonizer consists of a metal tube water cooled, within a glass tube having a broad external collar of tinfoil,
